Numerous ecological studies for myxobacteria have been conducted well, but their 24 true diversity hidden in plain sight remains to be explored. To bridge this gap, we here 25 implemented a comprehensive survey of diversity and distribution of myxobacteria by 26 using 4997 publicly available 16S rRNA gene sequences (≥1200 bp) collected from 27 several hundreds of sites across multiple countries and regions. In the study, the 28 meta-16S rRNA gene phylogenetic reconstruction clearly revealed that these 29 sequences were classified to 998 species, 445 genera, 58 families, and 20 suborders, 30 highlighting a considerable taxonomic diversity of myxobacteria, the great majority of 31 which belonged to new taxa. Most cultured myxobacteria including the 32 well-described type strains were strongly inclined to locate on the shallow branches of 33 the phylogenetic tree; on the contrary, the majority of uncultured myxobacteria the 34 deep branches. The geographical analysis of sequences based on their environmental 35 categories clearly demonstrated that myxobacteria showed a nearly cosmopolitan 36 distribution, despite the presence of some habitat-specific taxa, especially at genus 37 and species levels. Among all abundant suborders, members of Suborder_4, 38 Suborder_15, and Suborder_17 were more widely distributed in marine environments, 39 the remaining suborders preferred to reside in terrestrial ecosystems, particularly in 40 soils, indicating a potential selectivity of geographical distribution. In conclusion, this 41 study profiles a clear framework of diversity and distribution of the cosmopolitan 42 myxobacteria and sheds light on the isolation of the uncultured myxobacteria. 43 44 48
IMPORTANCE 45 Myxobacteria are an attractive bacterial group ubiquitous in soil and aquatic 46 environments. However, the biodiversity and ecological preferences of myxobacteria remain poorly understood across heterogeneous environments. We analyzed (Table S5) . At the genus level, the Cystobacterineae_Family_6_Genus_27 (15.47%) 202 was the most dominant genus; the Sorangiineae_Family_4_Genus_21 (6.80%) and 203 Sorangiineae_Family_5_Genus_19 (4.62%) were the most second and third dominant 204 genera; each remaining genus constituted less than 3% of total sequences (Table S5 ). 205 At the species level, Cystobacterineae_Family_6_Genus_27_Species_5 (12.55%), 206 Sorangiineae_Family_4_Genus_21_Species_1 (6.80%), and suborders were compared based on the sufficiently clear taxonomic determination of 221 myxobacteria. As shown in Table S7, abundant new taxa at taxonomic levels from   222 family to species were found among the three suborders. High occurrence frequencies 223 of new taxa were impressive, especially those of new genus and species above 90%.
224
The rarefaction is one of the most widely used methods to assess species richness 225 from the results of sampling. Here, we constructed two types of rarefaction curves for 226 all 16S rRNA gene sequences based on abundant suborders and environments. The indicating that more species could be found in either each suborder or each 232 environmental category as more sequences are checked. The patterns were also 233 supported by the coverage values of "samples" (Table S8 ). Therefore, the results 234 explicitly demonstrated that the currently defined taxa of the order Myxococcales are 235 just the tip of the iceberg.
237
The expanded phylogeny of myxobacteria 238 After the determination of the taxonomic diversity of myxobacteria, the evolutionary 239 relationships were also inferred from the phylogenetic tree of 16S rRNA gene Global biogeographic distribution of myxobacteria 274 To determine the geographical distribution patterns of myxobacteria, the 275 suborder-level sequences were summarized and compared according to isolation 276 environments. As shown in Figure 1 and Table S1 , myxobacteria were widely was performed. In this study, we defined a specificity criterion as having 80% or more 301 of their observations (≥5) of single taxon belonged to a single environmental category, 302 otherwise, it was defined as a cosmopolitanism. As illustrated in Figure 4c , the 303 specificity of myxobacteria showed an increasing trend from the suborder to species 304 levels, whereas cosmopolitanism a reverse trend. It is also worth noting that the 305 specificity of taxa is closely related to environmental categories and taxa number.
306
With the number of the environmental categories or taxa increasing, specificity may criterion, habitat specificity of some taxa at family, genus and especially species increase the discovery chance of new natural products, and further highlights the importance of the myxobacterial classification system within this scenario. Therefore, 354 a more detailed taxonomic system of myxobacteria established in the current study 355 could fuel the discovery of interesting novel compounds for the foreseeable future. were listed in Table S2 . 
